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Abstract

Objective
To provide physicians with a current consensus on total
hip replacement.

Participants
A non-Federal, nonadvocate, 13-member consensus panel
representing the fields of orthopedic surgery, rehabilitation
and physical medicine, biomechanics and biomaterials,
internal medicine, public health, geriatrics and biostatistics,
and a public representative. In addition, 27 experts in ortho-
pedic surgery, rehabilitation and physical medicine, biome-
chanics and biomaterials, rheumatology, geriatrics, and
epidemiology presented data to the consensus panel and
a conference audience of 425.

Evidence
The literature was searched through Medline and an exten-
sive bibliography of references was provided to the panel
and the conference audience. Experts prepared abstracts
with relevant citations from the literature. Scientific evidence
was given precedence over clinical anecdotal experience.

Consensus
The panel, answering predefined consensus questions,
developed their conclusions based on the scientific evi-
dence presented in open forum and the scientific literature.

Consensus Statement
The panel composed a draft statement that was read in its
entirety and circulated to the experts and the audience for
comment. Thereafter, the panel resolved conflicting recom-
mendations and released a revised statement at the end of
the conference. The panel finalized the revisions within a few
weeks after the conference.
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Conclusions
Total hip replacement is an option for nearly all patients with
diseases of the hip that cause chronic discomfort and signifi-
cant functional impairment. Most patients have an excellent
prognosis for long-term improvement in symptoms and
physical function. At this time, a cemented femoral com-
ponent using modern cementing techniques, paired with
a porous-coated acetabular component, can give excellent
long-term results. Revision of a total hip replacement is
indicated when mechanical failure occurs. Continued
periodic follow-up is necessary to identify early evidence
of impending failure so as to permit remedial action before
a catastrophic event.
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Introduction
More than 120,000 artificial hip joints are being implanted
annually in the United States. Successful replacement of
deteriorated, arthritic, and severely injured hips has contrib-
uted to enhanced mobility and comfortable, independent
living for many people who would otherwise be substantially
disabled. New technology involving prosthetic devices for
replacement of the hip, along with advances in surgical
techniques, has diminished the risks associated with the
operation and improved the immediate and long-term
outcome of hip replacement surgery.

Questions remain, however, concerning which prosthetic
designs and materials are most effective for specific groups
of patients and which surgical techniques and rehabilitation
approaches yield the best long-term outcomes. Issues also
exist regarding the best indications and approaches for
revision surgery.

As a followup to the National Institutes of Health (NIH) Con-
sensus Development Conference (CDC) on Total Hip Joint
Replacement held in 1982, the National Institute of Arthritis
and Musculoskeletal and Skin Diseases, together with the
Office of Medical Applications of Research of the NIH, con-
vened a second CDC on Total Hip Replacement on Sep-
tember 12–14, 1994. The conference was cosponsored
by the National Institute on Aging, the National Institute of
Child Health and Human Development, and the Office of
Research on Women’s Health. After 11/2 days of presen-
tations by experts in the relevant fields and discussion by
a knowledgeable audience, an independent, non-Federal
consensus panel composed of specialists from the fields
of orthopedic surgery, epidemiology, rehabilitation and
physical medicine, biomechanics and biomaterials, geri-
atrics, rheumatology, as well as a public representative,
weighed the scientific evidence and formulated a consen-
sus statement in response to the following six previously
stated questions:

• What are the current indications for total hip replacement?
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• What are the design and surgical considerations relating
to a replacement prosthesis?

• What are the responses of the biological environment?

• What are the expected outcomes?

• What are the accepted approaches and outcomes
for revision of a total hip replacement?

• What are the most productive directions for future research?

This consensus statement reflects a synthesis of generally
accepted observations and recommendations derived from
the scientific presentations as well as a general review of
current literature by the consensus panel. This panel also
identified areas of limited information where further research
would be most productive.
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What Are the Current Indications for
Total Hip Replacement?
Primary total hip replacement (THR) is most commonly used
for hip joint failure caused by osteoarthritis; other indications
include, but are not limited to, rheumatoid arthritis, avascular
necrosis, traumatic arthritis, certain hip fractures, benign
and malignant bone tumors, the arthritis associated with
Paget’s disease, ankylosing spondylitis, and juvenile rheuma-
toid arthritis. The aims of THR are relief of pain and improve-
ment in function. Candidates for elective THR should have
radiographic evidence of joint damage and moderate to
severe persistent pain or disability, or both, that is not sub-
stantially relieved by an extended course of nonsurgical
management. These measures usually include trials of
analgesic and nonsteroidal anti-inflammatory drugs (NSAIDs),
physical therapy, the use of walking aids, and reduction in
physical activities that provoke discomfort. In certain con-
ditions such as rheumatoid arthritis and Paget’s disease,
additional disease-specific therapies may be appropriate.
The patient’s goals and expectations should be ascertained
prior to THR to determine whether they are realistic and
attainable by the recommended therapeutic approach.
Any discrepancies between the patient’s expectations
and the likely outcome should be discussed in detail with
the patient and family members before surgery.

In the past, patients between 60 and 75 years of age were
considered to be among the best candidates for THR. Over
the last decade, however, the age range has been broad-
ened to include more elderly patients, many of whom have
a higher level of comorbidities, as well as younger patients,
whose implants may be exposed to greater mechanical
stresses over an extended time course. In patients less
than 55 years of age, alternative surgical procedures such
as fusion and osteotomy deserve consideration. However,
there are no data showing that the outcomes of these pro-
cedures are as good or better than those from THR when
performed for similar indications. Advanced age alone is
not a contraindication for THR; poor outcomes appear to
be related to comorbidities rather than to age.
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There are few contraindications to THR other than active
local or systemic infection and other medical conditions that
substantially increase the risk of serious perioperative com-
plications or death. Obesity has been considered a relative
contraindication because of a reported higher mechanical
failure rate in heavier patients; however, the prospect of
substantial long-term reduction in pain and disability for
heavier patients appears to be similar to that for the pop-
ulation in general.

Thus, although the clinical conditions and circumstances
leading to THR are broadly defined, several issues regarding
indications remained unresolved. For example, data are
insufficient on the associations between potential risk factors
(e.g., age, weight, smoking, medications) and outcomes
to guide treatment of the individual patient. Moreover,
indications are not clear for use of the various surgical
approaches and types of prostheses in individual patients.
Finally, standardized instruments to measure levels of pain,
physical disability, and quality of life as perceived by the
patient need to be used to guide clinical decisionmaking
and choice of surgery.
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What Are the Design and Surgical
Considerations Relating to a
Replacement Prosthesis?
At the NIH CDC on Total Hip Joint Replacement held in 1982,
aseptic loosening was identified as a major problem with THR.
It was especially prevalent in young, active patients and after
revision surgery. Because it appeared with increasing fre-
quency over time, it was feared that a much larger problem
would emerge. Newer fixation (cement and cementless) tech-
niques had been introduced, but their long-term efficacy was
unknown. Cobalt-, titanium-, and iron-based alloys, higher
molecular weight polyethylene, and autocuring polymethyl-
methacrylate (PMMA) bone cement were the materials used
in most implants. Chemical modifications and altered pro-
cessing of the alloys had been introduced to deal with the
problem of fractured stems.

As of 1994, state of the art pertaining to THR has changed
substantially. For example, changes have been made in
fixation (cement and cementless), device designs, and some
materials (see the THR schematic drawing shown in Figure 1).
Concerns remain about
the in vivo durability of
femoral and acetabular
components of the
implants, but the pro-
cedure has a more
predictable outcome.
The newer cementing
techniques have proven
to be more successful
than the original ones
on the femoral side.
Improved techniques
include the use of a
medullary plug, a
cement gun, lavage
of the canal, pressuri-
zation, centralization of

Figure 1.
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the stem, and reduction in porosity in the cement. However,
the optimum cement–metal interface has yet to be identified.
These newer procedures minimize defects and localized
stress concentrations in the cement. Their current success
indicates that previously observed aseptic loosening within
the first 10 years following implantation was primarily a
mechanical process and that steps to reduce stresses in
the materials and improve strength of the interfaces are
reasonable to reduce loosening. Further optimization of
the bone implant interface constitutes an important oppor-
tunity for future research.

Another important change in fixation has been the intro-
duction and widespread use of noncemented components
that rely on bone growth into porous or onto roughened
surfaces for fixation. In the femur, selected cementless com-
ponents have exhibited clinical success, although with shorter
followup, similar to that of cemented components installed
with the newer cementing techniques. There is evidence that
bone changes (osteolysis or bone resorption) can occur as
well with some of the cementless components. Numerous
reports document resorption, and although it has not usually
become symptomatic during early stages of followup, con-
cerns nevertheless exist about progressive osteolysis and
consequent aseptic loosening or fracture.

On the acetabular side, the cementless components have
demonstrated less aseptic loosening compared with the
cemented components over the short term, although long-
term results are not yet available. The prospective and retro-
spective studies conducted have been specific to device
design and technique, and any general comparison of
cemented and noncemented systems should be viewed
with caution.

The implants themselves have undergone multiple changes.
As a result of improved alloys and designs, fracture of femoral
stems is no longer a significant problem. Stem cross-sections
have been rounded to avoid high stresses in the cement.
There is still controversy over the appropriate length of
uncemented stems and the extent and location of porous
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or roughened regions. Metal backing of cemented acetabular
components has not been associated with a high degree
of success and is now used infrequently. Metal-backed
acetabular components with porous coatings have demon-
strated good to excellent results in regard to loosening noted
at 5- to 7-year followup and continue to be followed. Modular
components have been introduced and are widely used,
but it is recognized that in vivo disassembly, fretting and
corrosion, and wear between components can be a source
of debris and may contribute to osteolysis and isolated
implant fractures. Given the potential problems, routine
use of modular components needs to be evaluated specific
to particular applications. There appears to be little justifica-
tion for modularity or customization of femoral stems below
the head–neck junction in primary THR, although the modular
stem components for revisions may be useful.

Revision rates for cemented femoral components, using
modern techniques, have been reported to be less than 5
percent at 10-year followup; revision rates for uncemented
acetabular components are approximately 2 percent at
5-year followup. To be deemed efficacious, new design
features should be shown to have a mechanical failure
rate equal to or lower than these figures.

As in 1982, the primary implant materials are cobalt- and
titanium-based alloys, PMMA bone cement, and ultrahigh
molecular weight polyethylene. These continue to demon-
strate biocompatibility in bulk, but particles of these materials,
particularly the polyethylene, are suspected to have a role in
bone resorption and potential implant loosening. Osteolysis
that can occur with both cemented and cementless compo-
nents on both the femoral and acetabular sides is thought to
be due to an inflammatory process brought on by particulate
matter. The articulating surfaces between the femoral and
acetabular components are now recognized as a major
source of debris, which has been shown to be important
in this pathologic tissue response. Most components for
femoral heads have polished cobalt alloy, which articulates
with polyethylene sockets. Longitudinal research continues
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on smoothness and ion implantation of the articulating sur-
faces, ceramic–polymer, ceramic–ceramic, and alloy–alloy
components, although the in vivo data remain limited at this
time. Efforts to alter or replace the polyethylene are under
way, but no new materials with reduced clinical wear rates
are routinely available.

Several factors have been suggested to minimize the pro-
duction of wear debris. Polyethylene acetabular cups with
minimum wall thickness of 6 mm and femoral heads with
diameters of 28 mm are important design considerations
associated with reduced wear. Where metallic shells are
used to contain the polyethylene cup, the interior of the
shell should be smooth with a minimum number of openings
for screws, and the polyethylene liner should be highly con-
forming and mechanically stable. Polyethylene of the highest
quality is strongly advised for the manufacture of the com-
ponents. Femoral heads with highly polished cobalt alloy, or
polished ceramics as some data suggest, may be advanta-
geous to minimize effects of wear on the polyethylene surface.

Studies also continue on surface modifications of implants
to provide direct attachment to bone. For example, several
types of calcium phosphate ceramics (CPC) (often called
hydroxylapatite) have been added as coatings to THR sur-
faces to enhance fixation of noningrowth implants to bone.
Concerns have been expressed about the longer term
in vivo fatigue strengths of the substrate to coating inter-
faces, biodegradation, and the potential for generating
ceramic particulates, although so far data addressing
implant performance are comparable to those from other
device designs at the same followup times. Research and
development on the enhancement of bone growth into
porous biomaterials using CPC has also shown promise,
although longitudinal data are incomplete at this time.
Long-term data are needed on the benefit-to-risk ratio of
clinical outcomes for these types of surface modifications.

Although there are in vitro tests for evaluating implant design
features and material characteristics, as well as animal test-
ing regimens, the relevance of these tests to in vivo human
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performance are often unknown and additional approaches
are necessary. Long-term clinical studies are the only
accepted method for evaluating the efficacy of the design
and materials in human use, particularly with regard to
patient-defined outcome measures. Since these take many
years and are very expensive, few implant design features
are supported by well-designed studies.

Adaptive bone remodeling around the prosthesis continues
to be a concern, but there is little evidence that it is a signifi-
cant clinical problem during the first 10 years of followup.
Joint forces are known with better confidence than in 1982,
but it is still unknown which elements of force, magnitude,
and time are relevant to implant failures. Detailed analysis
of stress distribution is still limited by imprecise data on joint
forces, viscoelastic properties, and failure modes of the
materials and tissues.

In 1994, the main problems of concern related to implant
design are long-term fixation of the acetabular component,
osteolysis due to particulate materials, biologic response
to particles of implant materials, and the less favorable
results of revision surgery.
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What Are the Responses of the
Biological Environment?
Since the NIH CDC on Total Hip Joint Replacement held
in 1982, bone resorption, or osteolysis, has emerged as
the major concern with regard to the long-term survival of
total hip arthroplasty. Significant resorption and massive
osteolysis as well as more limited areas of bone destruc-
tion had been associated with cemented components and
attributed to cement debris. Subsequent findings confirm
that similar problems can be associated with cementless
prosthetic implants, and some degree of osteolysis may
be present in up to 30–40 percent of cases within 10 years
of surgery. Both acetabular and femoral components may
be affected. Components may remain well fixed in the pres-
ence of significant bone loss, but indications are that once
osteolysis appears it tends to progress and may ultimately
lead to implant failure. This bone loss is now considered to
be a reaction to particulate matter derived from the implanted
prosthetic components as well as the cement when used.
Because osteolysis is an important contributor to failure of
hip arthroplasties and may occur in the absence of clinical
symptoms, it is important that patients with implants be
followed and evaluated at regular intervals throughout life
to ensure timely operative intervention, if necessary.

Quantitatively, the material causing the most tissue reaction
appears to be particulate polyethylene. These particles have
been recovered in significant quantities from periprosthetic
tissues, including sites remote from the source. Particle size
varies, but the majority recovered are approximately 0.5 µm,
with 90 percent less than 1.0 µm. It has been estimated that
the average rate of wear for cobalt alloy-to-polyethylene
interface is 0.1–0.2 mm/year. The volume of wear debris
may increase with larger femoral head size.

Metallic debris has also been identified in significant quantities.
The source may be related to stem–bone fretting, particularly
in loose prostheses and in more distal portions of proximally
fixed prostheses where significant motion between stem
and bone may persist. With the use of modular prostheses,
corrosion and/or fretting have been identified in up to 35
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percent of some retrieved specimens, and these connec-
tions could serve as a source of metallic particles. Fretting
and corrosion are not limited to the interface between dis-
similar alloys. Interactions have also been identified with
cobalt–cobalt and titanium–titanium as well as titanium–
cobalt alloy junctions. Reactions at the head–neck junctions
have been studied in depth. Corrosion and wear debris
products can also form at the interfaces between screws
and acetabular shells and at modular collars for adapting
proximal femoral stems. Some of the metallic particles
generated may be larger than the polyethylene debris.
The major effect of these larger metallic debris may relate
to promoting third body wear of the polyethylene, with the
derivative polyethylene particles of submicron size trigger-
ing the cellular response. However, smaller metal particles
and ions have been demonstrated to be active in direct
stimulation of biologic processes.

The leading hypothesis to explain the development of mas-
sive osteolysis is that particulate matter derived from pros-
thetic components and cement stimulates an inflammatory
response. Phagocytosis of the particles by macrophage
and foreign-body giant cells (arising from the macrophage)
appears to be the initial biologic response to particulate
matter. The presence of intracellular particles is associated
with the release of cytokines and other mediators of inflam-
mation. These factors initiate a focal bone resorptive pro-
cess largely mediated by osteoclasts. These osteoclasts
do not contain debris particles.

Thus, the long-term threat to component failure from a
biologic standpoint appears to be wear-debris-associated
periprosthetic osteolysis as a result of osteoclastic activity.
This is stimulated by cytokines such as tumor necrosis
factor, interleukins, and prostaglandins released by macro-
phages and possibly other cells including fibroblasts. The
critical initiating sequence involves the interaction between
small particulate materials and responding cells. The pro-
cess is affected by the number, size, distribution, and type
of particulate material, as well as responsiveness of the
ingesting cells.
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The debris may be distributed beyond the hip joint. Material
has been identified in distant lymph nodes, but no systemic
consequences are documented up to this time. Since it is
now recognized that both cobalt- and titanium-based alloys
release soluble products in patients, long-term surveillance
to assess possible systemic and remote side effects after
THR is advisable.

Adaptive bone remodeling occurs in the proximal femur
in response to an altered mechanical environment follow-
ing hip replacement. This process is commonly referred
to as “stress shielding” or stress transfer. Stem rigidity or
elasticity plays a major role. Bone resorption in unstressed
areas is a common observation, but it has not been shown
to be related to loosening. Nevertheless, it presents an
important concern in terms of long-term stability and
effect on revision surgery.

Factors influencing adaptive bone remodeling have been
considered in determining the location and extent of porous
coating on uncemented stems. Finite element analysis sug-
gests that proximally coated porous stems are associated
with less cortical bone stress shielding than fully coated
stems, but the extent of coating on most currently used
prosthetic stems is still greater than that calculated neces-
sary to significantly reduce the stress-shielding effect on
the proximal femur. Decreasing porous coating to reduce
stress shielding must be weighed against providing suffi-
cient coating to ensure fixation. Efforts to reduce stem
stiffness have been shown to lessen proximal cortical
atrophy under experimental conditions.
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What Are the Expected Outcomes?
The success of THR in most patients is strongly supported
by nearly 30 years of followup data. There appears to be
immediate and substantial improvement in the patient’s
pain, functional status, and overall health-related quality of
life. Promising data suggest that these immediate improve-
ments persist in the long term. Over the last two decades,
complications associated with THR have declined signifi-
cantly. Prophylactic antibiotic therapy has helped to pre-
vent infection. Use of anticoagulants in the perioperative
period has reduced deep venous thrombosis and pul-
monary emboli. The incidence of mechanical loosening
has decreased with the introduction of improved fixation
techniques. More than 90 percent of all artificial joints
are never revised. Rates of revision are decreasing with
improved surgical techniques.

The important questions of today are not whether THR
is effective compared with no treatment but rather which
technology and methodology used for THR are best for
a particular patient. For example, the various total hip
designs, fixation methods, and surgical techniques need
to be rigorously compared with one another. Surgeon’s
experience and hospital environment should be investi-
gated for possible independent effects. Various rehabilita-
tion interventions, including long-term therapeutic exercise,
should be evaluated for effectiveness. Similarly, little is
known about patient-level predictors of outcome, e.g.,
patient expectations, quality of the individual patient’s
bone stock, demographic characteristics, comorbidities,
obesity, and activity level.

Since length of acute hospital stay has become progres-
sively shorter, more emphasis must be given to determining
the role of preadmission educational programs, appropriate
physical therapy, and rehabilitation during the acute stay and
following discharge. Home health programs when indicated
may be more effective than prolonged hospitalization. The
benefits of a long-term therapeutic exercise program for
patients who have undergone THR have not been clearly
demonstrated to improve mobility or hip stability. There
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appears to be insufficient appreciation for the role of exer-
cise in THR rehabilitation; however, there is evidence that
hip weakness persists up to 2 years after surgery in the
presence of a normal gait. Multiple studies have demon-
strated that weakness in the lower extremities is a major
risk factor for falls in the geriatric age group. Thus, further
studies are needed to assess the relationship between
muscle function following THR, mobility, and risk for falls,
as well as the role of therapeutic exercise in improving
muscle function with enhancement of mobility and stability.

Outcome assessment in THR has been limited by the lack
of standardized terminology and by the use of various scales
that have traditionally relied on the surgeon’s assessment
of the patient’s pain, range of motion, muscle strength, and
mobility. Most of these measures have not been adequately
characterized in terms of validity, reliability, and responsive-
ness to change. The traditional assessments have not
included patient-oriented evaluation of function or satis-
faction. There is no consensus on the standard definitions
of endpoints with respect to prosthesis failure. The American
Academy of Orthopaedic Surgeons has developed recom-
mendations for data to be collected, and this approach
should be endorsed for use in clinical practice. The patient’s
functional status should be further assessed in followup by
standardized, patient-reported, disease-specific measures
and by at least one global outcome measure. Finally, the
radiographic and clinical criteria for prosthesis failure
should be defined.

Long-term followup is essential to determining outcomes
and pathological processes (e.g., failures related to osteo-
lysis and particulate debris). These complications were not
emphasized in the 1982 CDC on Total Hip Joint Replace-
ment. The problems have been identified only by long-term
followup of patients.

Methodological issues that have limited THR outcomes
assessment include lack of randomized trials and other
well-controlled studies, lack of well-characterized patient
cohorts for prospective observational studies, and insuffi-
cient sample sizes followed for prolonged periods of time.
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THR is performed more than 120,000 times per year in
the United States. This represents a 64-percent increase in
the number of THR procedures per year in the United States
since the 1982 CDC. Analysis of Medicare claims data
demonstrates significant variations in the rates of perfor-
mance of THR with respect to geography, age, gender, and
race. The highest rates of THR are in the Midwest and North-
west and the lowest rates in the South and East. A fourfold
difference exists between the State with the highest rate of
THR (Utah) and the State with the lowest rate (Wyoming).
A previous study demonstrated a 50-percent higher rate
of THR in Boston, Massachusetts, compared with New
Haven, Connecticut. Other procedures such as hip fracture
repair have very low variation from one geographical area
to another. In today’s era of cost-containment and outcomes
research, it is important to understand the factors contrib-
uting to these wide area variations as well as which rate of
THR is most appropriate.

Sixty-two percent of all THR procedures in the United States
are performed in women. Furthermore, women have signifi-
cantly worse preoperative functional status than do men and
are 35 percent more likely to report the use of a walking aid
at the time of surgery. These differences persist even after
adjustment for other demographic and clinical characteristics.
These data suggest that, compared with men, women are
being operated on at a more advanced stage of the disease.
Two-thirds of all THR procedures are performed in individ-
uals who are older than 65 years of age. The rate of THR
increases for patients up to 75 years of age and then declines.
The highest age-specific incidence rates of THR are between
65 and 74 years of age for men and 75 and 84 years of age
for women. Recent comparisons of rates of THR reveal that
more are being done in the young and in the oldest patients.
Among the older patients, there has been an increase in
THR in patients with more comorbidities.

Most THR procedures are performed in whites. The preva-
lence rate of hip implants (fixation devices and artificial joints)
was 4.2 per 1,000 in whites compared with 1.7 per 1,000 in
African-Americans. The disparity by race increases markedly
with age. These findings were confirmed by an analysis of
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Medicare claims data that focused solely on THR. Observed
differences in the rate of THR by race may reflect a disparity
in access or referral for care for African-Americans. Addition-
ally, individuals with higher income were 22 percent more
likely to undergo THR than were individuals with low income.
Health care providers and patients must be cognizant of the
variations in the THR rate. It is important to carefully consider
the potential influence of access to care, treatment selection
biases, and patient knowledge and preferences on these
variations in rates.

In this era of cost-containment and managed care, the ultimate
selection of a THR system should be based on individualized
patient needs, safety, and efficacy. There is consensus that
the THR patient requires periodic followup including appro-
priate x-ray examination throughout life. Periodic followup,
perhaps at 5-year intervals after the first 5 years, could allow
identification of osteolysis and other indicators of impend-
ing failure in their earliest forms and permits institution of
treatment before catastrophic failure.
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What Are the Accepted Approaches
and Outcomes for Revision of a
Total Hip Replacement?
As more primary THRs occur on a cumulative basis, as indica-
tions extend to more conditions and to older and younger
individuals, and as the population ages, the absolute num-
ber of revision hip replacements will increase, even if the
frequency of failures in primary procedures continues to
decrease. Revision surgery is highly complex and costly
and requires considerable scientific and technical expertise,
an array of expensive technological options, a supportive
health care environment, and a skilled health care team.
Consequently, issues such as the surgeon’s experience,
the hospital characteristics, the related health care costs,
and appropriateness of current hospital reimbursements
associated with revision should be carefully examined.

Currently, the results of revision THR are inferior to those
of primary procedures. It remains important to refine the
indications for revision and to do so on the basis of the best
available outcome data. Not all “failed” primary THRs require
revision. The decision to revise, as is true of decisions regard-
ing primary procedures, must consider such circumstances
as the presence of disabling pain, stiffness, and functional
impairment unrelieved by appropriate medical management
and lifestyle changes. In addition, radiographic evidence of
bone loss or loosening of one or both components should
be present. Indeed, evidence of progressive bone loss alone
provides sufficient reason to consider revision in advance
of catastrophic failure. Fracture, dislocation, malposition
of components, and infection involving the implant are other
reasons to consider revision.

A number of options must be considered in planning a
revision operation. The selection of specific technology is
currently a judgment of the surgeon and depends on the
amount and quality of the bone stock, the age and func-
tional demands of the patient, and the reason for failure
of the primary procedure.
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The weight of clinical experience suggests that a loose
acetabular component, either cemented or porous coated,
can be reliably replaced by a porous-coated component in
the presence of adequate bone stock. In one study using
this approach, 91 percent of implants were radiographically
stable and 9 percent required re-revision (for dislocation
and infection rather than aseptic loosening) between 8 and
11 years after revision. In elderly patients with lower func-
tional demands and those with osteogenic bone, cemented
implants have also provided satisfactory results. To achieve
prosthetic stability in the absence of sufficient bone stock,
deficits can be filled with morselized or structural bone grafts
(either autografts or allografts obtained from accredited
tissue banks), customized metal components, or, under
some circumstances, bone cement.

The approach to revision of the femoral component must
be based on the nature of the remaining bone stock in
the proximal femur, and clinical judgment usually takes
into account the age and functional demands of the patient.
Under many circumstances, revision of the femoral com-
ponent with a cemented stem is possible using modern
cementing techniques. The re-revision rate for this approach
is between 10 and 18 percent at 10- to 11-year followup.

An acceptable alternative approach to revision of femoral
components when there is substantial residual bone stock
has been the use of noncemented implants, particularly the
extensively coated components. This approach has resulted
in 90-percent stem survivorship at a 9-year followup.

Morselized bone graft can be used successfully to fill defects
in the femoral canal with or without the use of bone cement,
and cortical bone can be augmented with only grafts as neces-
sary. Under exceptional circumstances, it may be necessary
to use large structural allografts when the proximal femoral
bone stock deficiency is substantial. If this is done, the implant
should be cemented into the graft.

Both the diagnosis and the treatment of infected implants
remain challenging. The infection rates of the past have been
dramatically reduced. Current infection rates of less than
1 percent at 1 year after primary THR are now being reported.
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Nonetheless, infection remains a devastating complication,
and treatment alternatives remain controversial. Recovery
of the infecting organism is essential to the selection of appro-
priate antibiotics and the planning of surgical approaches.
For organisms highly susceptible to multiple antibiotics, one-
stage surgical approaches that combine extensive debride-
ment and an ensuing exchange of implants are associated
with a 77- to 94-percent success rate. Two-stage revisions
that include at least 4 weeks of appropriate antibiotic treat-
ment following implant removal and wound debridement
and a variable period of time before reinsertion determined
by the characteristics of the organism have resulted in a
success rate greater than 80 percent. In young people, there
may be value to a third, intermediate stage in which the bone
stock is augmented in anticipation of later reimplantation.
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What Are the Most Productive Directions
for Future Research?
THR is acknowledged as a highly successful procedure that
has provided relief of pain, increased mobility, and improved
tolerance for activity for thousands of people. Despite the
advances made in the past decade, obvious deficiencies
in knowledge remain regarding treatment alternatives,
patient characteristics, and environmental issues. To
address these concerns most effectively, it is important
to identify those avenues of investigation that will lead to
decreased morbidity and enhanced quality of life for the
population at large affected by debilitating hip disease.

Standardized instruments for assessing outcomes need
to be developed, validated, and introduced into clinical use.
These may also be useful in developing guidelines for surgery
and in making physicians aware of their patients’ physical
capabilities and expectations.

The issues of age, sex, weight, activity level, and comorbid-
ities have been implicated for their effects on the outcome
of THR and need to be studied in relation to the indications
for surgery and timing of the procedure.

Serious questions have been raised concerning the dispar-
ate rates for THR between racial groups and geographic
locations that seem to have no direct relationship to incidence
of disease. Indepth analysis of rate differential can lead to an
identification of underlying reasons. In this way, the benefits
of THR can be extended to an appropriate segment of the
population that appears to have limited access.

Materials currently used for the manufacture of THR implants
have been improved with regard to design and finish. Wear
debris, however, remains a factor that affects the durability
of the implants and their fixation. Research is ongoing and
support is needed to expand investigations of new materials
and to create a better understanding of wear processes that
can prolong the life of the implant and reduce the wear and
wear products.
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One of the necessary approaches for evaluating implant failure
modes is an organized, ongoing analysis of in situ prostheses
retrieved from cadavers. Such a program should be national
in scope and supported by grant monies. As part of this effort,
it is anticipated that significant data could be obtained con-
cerning wear processes involving the articular surfaces under
circumstances where the implant did not fail. At the same
time, this avenue of research would further clarify the device
and tissue interactions that are characteristic of the cemented
and noncemented types of devices.

Randomized clinical trials are needed to determine the effi-
cacy of implant designs and surgical approaches, including
the effect of coatings that encourage appositional or inter-
positional bone growth for fixation.

The contribution of prehospital, inhospital, and posthos-
pital education and rehabilitation programs to the eventual
outcome of the surgical procedure deserves an organized,
indepth study to determine optimum regimen, duration
of treatment, and expected outcomes. Clinical data sug-
gest that potential capabilities of the patients are not being
fully developed.

The biologic interface between the implant and the host
bone has been recognized as a source of potential failure.
Basic research efforts into the mechanisms by which these
changes occur are providing some clues, but much more
needs to be known about specific cellular mechanisms
associated with osteolysis, suggested immunologic or
inflammatory responses, and the reactions to varying stres-
ses encountered by the bone. In addition, further investi-
gation should be encouraged into the ways by which the
local inflammatory response to particulate matter could
be modified by regional or systemic interventions.

As the indications for THR are extended into the younger
age group, patients with THR will be exposed to more
rigorous environmental demands, both occupational and
recreational. Investigations are needed into the environ-
mental modifications, activity limitations, or types of
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physical effort that contribute to extended prosthesis sur-
vival. Physical conditioning activities—muscle development,
improvement in coordination, and exercises that enhance
bone integrity without affecting fixation—need to be studied
as they relate to the anticipated lifestyle and occupational
objectives of the patient.

Outcomes of revision hip surgery are less reliable and satis-
factory than those of primary procedures. Those biologic,
biomechanical, and rehabilitation factors that influence
these results need to be explored and solutions developed.

Regional or national registries should be established to
capture a minimum data set on all THR and revision pro-
cedures. The goals of this registry should be to better
define the natural history and epidemiology of THR in
the U.S. population as a whole and to identify risk factors
for poor outcomes that relate to the implant, procedure,
and patient characteristics.
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Conclusions
• THR is an option for nearly all patients with diseases of

the hip that cause chronic discomfort and significant
functional impairment.

• In the aggregate, THR is a highly successful treatment
for pain and disability. Most patients have an excellent
prognosis for long-term improvement in symptoms
and physical function.

• Perioperative complications such as infection and
deep venous thrombosis have been significantly
reduced because of use of prophylactic antibiotics
and anticoagulants and early mobilization.

• The predominant mode of long-term prosthetic failure
appears to be related to generation of particulate matter,
which in turn causes an inflammatory reaction and sub-
sequent bone resorption around the prosthesis.

• Revision of THR is indicated when mechanical failure
occurs. The surgery is technically more difficult and the
long-term prognosis is generally not as good as for pri-
mary THR. The optimal surgical techniques for THR
revision vary considerably depending on the conditions
encountered. Continued periodic followup is necessary
to identify early evidence of impending failure so as to
permit remedial actions before a catastrophic event.

• Improved methods for evaluating existing technology
should be developed and implemented, especially with
respect to patient-defined outcomes.

• Future research should focus on refining indications for
surgery; defining reasons for differences in procedure
rates by age, race, gender, and geographic region;
developing surgical techniques, materials, and designs
that will be clearly superior to current practices; under-
standing the inflammatory response to particulate material
and how to modify it; determining optimal short- and long-
term rehabilitation strategies; and elucidating risk factors
that may lead to accelerated prosthetic failure.
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